It is of scientific and practical significance to study surface plasmon polariton (SPP) scattering-enhanced light emission which occurs in organic light emitting diodes. Energy transfer from nonradiative components in an organic layer to SPPs could be extracted as light through the SPP scattering at submicrometer-scale roughness on the surface of a metal film, which affects the light-emitting efficiency of the organic layer. So far, there have been some experimental investigations on this using low molecular weight organic materials and polymers. PL enhancement reached, for example, ~10 in the normal direction with Alq3 on Au, compared with Alq3 without Au [1] [2] [3] . On the other hand, a rigorous formulation for the scattering of SPP from a one-dimensional surface irregularity was developed by the use of an impedance boundary condition, yielding an electromagnetic field above a metal [4] . Using the formula, one can obtain the scattering probability (=Psc/Pinc), where Psc: total power carried away from a metal surface by SPP scattering, and Pinc: power carried by an incident SPP. However, we found that numerical calculations could not account for the measured PL enhancement. One SPP is usually understood to be created by energy transfer from a neighboring exciton in the organic layer. This paper describes the possibility that multiple SPPs are generated in phase, leading to constructive interference occurrence among the scatted electromagnetic waves. The distance between the closest organic molecules is an order of nm, and it is possible that SPPs are generated simultaneously rather than separately.
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To confirm the SPP-enhanced PL, we measured the quantum efficiencies of Alq3/GaAs and Alq3/Ag/GaAs using an integrating sphere. The thickness of Alq3 was 60 nm for two samples, and Ag was 200-nm thick. It was necessary to take into account the fact that the light collected with the Alq3/Ag/GaAs sample was almost double. As a result, the quantum efficiency of Alq3/Ag/GaAs was confirmed to be ~2.5 times higher than that of Alq3/GaAs. Using a simple approach, PL enhancement is expressed as (p-(1-)ps+ (1-p)/p. Here, p is the radiative probability of an exciton without metal, ps is the SPP generation probability, and  is the energy transfer probability of the nonradiative component to SPP. We performed numerical calculations on . The average heights of the bump and pitch measured by AFM were 7 nm and 100 nm, and these averages were used in the calculation. The colliding times of SPP which experienced bumps was determined by the propagation distance of the SPP attenuating to 1/e due to ohmic loss. As a result,  was found to be as small as 0.04. If this is true, one can never explain the enhanced PL. The total energy that original N excitons possess is, of course, proportional to N, regardless of individual phase of generated SPPs, whose electric field is expressed as j i j j e E   . Ps is proportional to the square of this term, and thereby becomes N 2 E 2 , when the respective phase is the same, and j E is equal to E . Therefore, the actual scattering probability of one SPP should increase in proportion to N, and becomes N.
